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III-V concentrator solar
cells as LEDs
Carlos Algora, I Rey-Stolle, B Galiana, J R
González, M Baudrit, and I García from the
Madrid Instituto de Energía Solar, and V Díaz
from Isofoton SA’s R&D department in
Málaga, presented their work on III-Vs at the
20th European Photovoltaic Solar Energy
Conference in Barcelona. In the last few
years, they point out, a great effervescence
of concentration on PV from the R&D side
occurred and has been growing, with the
recent key event being May’s 3rd
International Conference on Solar
Concentrators for the Generation of
Electricity or Hydrogen, held in Arizona.
Among the conclusions of this conference are:
the commercialisation of concentrator systems
based on very efficient silicon solar cells operat-
ing at 200-400 suns (mainly Amonix and Solar
Systems) and several companies in Europe, USA
and Japan pursue commercialisation of concen-
trator PV modules based on III-V solar cells.
Despite current concentrator products based
on silicon, III-V multijunction cells have
tremendous potential for increasing efficiency
and operating at higher concentration levels
than silicon. Both high efficiency and high con-
centration are determinant in order to achieve
low cost.Therefore, specific strategies are
required in order to push III-V concentration to
low cost scenarios. In this sense several labora-
tories and pilot production lines are starting to
use similar approaches to III-V solar cells as in
LEDs (Light Emitting Diodes). In fact, this
approach is being identified as one of the most
solid ones for having success in reducing PV
costs [1].
In 1997 we first proposed the use of optoelec-
tronic technologies together with a size
decrease of concentrator GaAs solar cells to
about 1mm2, as a way for reducing the cost of
PV technology [2]. In fact, it was stated:“the
device size is the factor which reinforces the
strategy of connecting PV technology with
micro/optoelectronic industries.”
The projected concentration level for the opera-
tion of such solar cells at competitive prices
was stated as, at least,1000 suns. Just one year
later in 1998, we showed some advantages of
going to a solar cell size of about 1mm2 [3]: •
Higher solar cell efficiency as a consequence of
the trade-off between series resistance and
recombination at the perimeter. • Better heat
extraction • Lower cost of the optics and
encapsulation.
At the end [3], it was stated:“the long-standing
joke within the semiconductor community:
‘GaAs is the material of the future, and it always
will be.’ has had a deaf ear turned on it by opto-
electronics (and also by microwave) companies.
So, why can GaAs-based photovoltaics not take
advantage of photoelectronics?
After refining several aspects, we proposed the
patent application entitled:“High efficiency
photovoltaic converter for high light intensities
manufactured with optoelectronic technology”
that has been extended to Europe and USA
[4].From then, several laboratories and pilot
production lines have followed our approach.
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Advantages to the LED
approach
Solar cell size is a key aspect in concentration
applications that is not usually taken into
account. In fact, there is no literature specific
values for the solar cell size following optimisa-
tion criteria. So we determined the optimum
size for a GaAs solar cell operating at 1000 suns
[2]. as about 1mm2 and it appears as a trade-off
between the influence of series resistance and
perimeter recombination.Although III-V multi-
junction solar cells operate at lower photocur-
rent than single junction and consequently the
deleterious effect of series resistance is lower,
the optimum size for such cells is very similar.
In addition to small size maximising the effi-
ciency, the size of 1mm2 is close to that of LEDs,
and small III-V solar cells could be manufac-
tured by using optoelectronic techniques.
Optoelectronics presents fabrication yields of
95-98% while PV is in a lower range of 90-95%.
One possible concern derived from such small
size could be the increase in the assembly and
encapsulation costs. Fortunately, we showed in
[3] that thanks to the use of well experimented
optoelectronic technologies in managing small
size devices like wire bonding, dicing,pick and
place, etc, the optimum size would be again
around 1mm2.
Operation at 1000 suns means a light power
density of 1MW/m2. A first impression suggests
the necessity of an intensive active cooling for
the heat extraction from concentrator solar
cells. However, this is not always required as the
following simple example shows. If we consider
a triple junction (3J) with a size of 1mm2 oper-
ating at 1000 suns, the light power received by
the solar cell is 1watt.Assuming an efficiency of
35%, 350mW are converted into electricity,
while 650mW are transformed into heat.The
heat extraction of only 650mW is an easy task
that does not require active cooling.
The heat extraction of several hundred of mW
is well developed for high power LEDs. Some
numerical calculations are presented in [3],
where as a general conclusion is stated the
importance of decreasing the solar cell size in
order to improve the heat extraction.
Consequently, the main steps in the manufactur-
ing of III-V concentrator solar cells could be:
MOVPE growth of the semiconductor structure;
micronic photolithography (only one step could
be enough); front and back metallic contacts:
thermal or e-gun evaporation plus contact alloy;
ARC deposition; encapsulation: wire-bonding for
the front side, conductive epoxy for back side
plus other techniques as dicing, pick and place,
etc.
These steps are common to those used in the
manufacturing of LEDs. In fact, the cost for the
manufacture of 1 mm2 multijunction solar cells
would be ~ 0.15c [5] in coincidence with the
cost of an LED of the same size. A concentrator
module based on such a solar cell is being
developed by Isofotón, with the idea of prompt
industrialisation.
Cost analysis
In the end, this approach looks for a huge cost
reduction.We always proposed the need of
using concentrations of 1000 suns or higher.
Others claimed for a lower concentration range,
ie. 200-500 suns. Our reason for considering this
range insufficient is the fact that the commer-
cial concentrator products based on silicon
cells operate at similar concentrations (200-400
suns).Therefore, the higher efficiency of multi-
junction cells will not counterbalance the lower
cost of silicon cells.
In addition to this intuitive idea, we have car-
ried out a numerical cost analysis [5]. So, a com-
plete grid connected PV installation based on
our approach would have a cost of ~2.7/Wp if
solar cells with an efficiency of 26% operating
at 1000 suns were used.This cost will be
achieved after a an acumulated production of
10MWp. Using similar solar cells, but after an
acumulated production of 1000 MWp, will
result in a cost of ~0.8/Wp.
On the other hand, multijunction cells with 38%
efficiency, operating at 400 suns will result in a
cost of ~3/Wp after an acumulated produc-
tion of 10 MWp.After an acumulated produc-
tion of 1000 MWp the same cell will result in
~0.8/Wp.A suitable choice would be to use
multijunction cells with efficiencies of 35% at
1000 suns that will result in a cost of ~2.2/Wp
after an acumulated production of 10 MWp.
After an acumulated production of 1000 MWp
the final cost of the installation would be below
0.7/Wp.
The main conclusion is that the factor hierarchy
governing costs are: •learning, •concentration
and •efficiency. Of course, today several 
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companies are trying to enter the III-V concen-
tration market. However, they should consider
that the concentration level has a higher impact
over cost than efficiency contrary to what many
people think.At least, a proper combination of
concentration together with efficiency should
be taken into account.
In addition to these main advantages, there are
some additional ones.Among them are the fol-
lowing:
• the reliability of these solar cells operating at
high concentrations is an open aspect. Its evalu-
ation can be more easily assessed following our
approach.This is because many degradation
aspects and standards can be transferred from
LEDs and semiconductor lasers[7].
• the 3-D modelling for real conditions of oper-
ation of the solar cells inside optical concentra-
tors. Because of the small solar cell size, the 3-D
model can be applied very accurately.
Following this approach, we achieved in 2000
an efficiency of 26.2% at 1000 suns and 25.0%
at 2000 suns.That solar cell was a single junc-
tion GaAs solar cell manufactured in collabora-
tion with the Ioffe Institute of St. Petersburg
(Russia).The growth technology was LPE.To
our knowledge, these efficiencies are the high-
est for a single junction solar cell within the
concentration range of 1000-2000 suns [8].
In 2003 we purchased an MOVPE reactor. By
using this powerful growth technology we have
reproduced the results achieved with the LPE
GaAs solar cell. Solar cell sizes in the range of
1mm2 give: • highest efficiencies • enhanced
heat extraction, • the use of optoelectronic
techniques.
The use of optoelectronic techniques together
with concentrations of 1000 suns or higher
would allow us to achieve in the medium term
an electricity cost 3c /kWh (for an irradiation
like that of Madrid).This is the present cost of
electricity production from several convention-
al sources (gas, nuclear, oil, etc.) in Spain.As to
the system, the cost of a complete grid con-
nected installation would be 0.6/Wp for the
medium term.
IES-UPM is pursuing higher efficiencies with
multijunction solar cells following this strategy.
Recently, we have started the development of
2J lattice-matched GaInP/GaAs cells and have
achieved a peak efficiency of 28% at 250 suns
with an efficiency higher than 27% for concen-
tration between 30 and 900 suns. Several labo-
ratories and pilot production lines are adopting
our strategy which is being considered as one
the most solid ones for having success in
reducing PV costs.
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